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SUMMARY

The properties of a large forged disc of Inconel X alloy at room
temperature, 1200°, 1350°, and 1500° F were studied in order to determine
the level of properties obtalnable in a forging of the type required for
the rotor discs of gas turbines. The dlsc was tested in the solution—
treated and aged conditlon. The first tests were made on the alloy given
a single aging treatment at 1300° F, but it was found that the alloy
possessed better propertles when given a double aging treatment, first
at 1550° ¥, and then at 1300° F. Most of the test data reported herein
were obtalned on the alloy given the double aging treatment. The data
reported include the results of tensile, impact, rupture, time—deformation,
creep, and structural-stabllity tests.

In general, the Inconel X disc for time perilods up to 1000 hours had
as high, or higher, propertles than other heat-resisting alloys tested at
1200° F. Its superlority decreased with test temperature so that there
was relatively little difference between 1t and other alloys at 1500° F.

It was unusual In that third-stage creep occurred early in all tests,
but particularly at 1350° and 1500° F. The disc also retained high duc—
tility at room temperature after prolonged exposure to stress at high
temperatures.

INTRODUCTION

: This report presents the resulits of a study of the room—temperature,
1200° s 1350o and 1500° F properties of a large disc of Inconel X alloy
tested 1n the solutlion—treated and aged condition.

The purpose of this study was to determine the level of properties
oxhibited by Inconel X alloy 1n the form of large forglings of the type
requlred for rotor discs of gas turbines. The results obtained previously
from investigations on Timken, CSA, EME, 19-9DL, low-carbon F-155, S-590,
and 8-816 discs of similar size are contalned in reports listed as
references 1 through 12.
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The work on the dilsc materials 1s being carried out as part of two
correlated programs of research on alloys for gas—turbine applications in
progress in this country. The Ratlonal Advisory Commlttee for Asronautics
1s sponsoring work directed toward the development of Ilmproved high—
temperature alloys for gas turbines used in alircraft power plants. A
concurrent program, formerly sponsored by the National Defense Ressarch
Committee, Office of Scientific Research and Development, and now
sponsored by the Office of Naval Research, Navy Department, is being
directed to the development of alloys for gas—turbine applications in
general and, in particular, for both ship and aircraft propulsion. The
work hereln was performed with the Pinancial assistance of the National
Advisory Committee for Aeronautics and the Office of Naval Reseerch, Navy

Department.

This report is based on the Joint effort of the cooperating research
progrems. The investigation of these discs for the NACA was conducted at
the Engineering Research Institute of the University of Michigan and for
the Navy at Battelle Memorial Imstitute.

TEST MATERTATS

The evailsble information describing the disc may be summarized as
Tollowa:

Menufacturer:

International Nickel Company, Inc.
Heat number:

Y-2848-X
Chemical composition:

¢ Mo 8  S1 ¢ FL Cb TL AL Fe Cu

— — —_— — — —— ———

0.05 0.51 0.007 0.39 1k.61 T73.k2 1.04 2.33 0.67 6.90 0.0k

Fabrication procedure:

A 4800-pound heat was made in a 6200-pound induction furnace and
teemsd into an 18- by 18- by 4O—inch ingot. This ingot was forged %'b
2225° F 0 a 9%—— inch-diameter billet, which was then turned to a 8z—inch

diameter and cut to a 25—inch length.
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This billet was upset by the General Electric Company on a 12,000-
pound open frame hammer. Using temperatures between 2225° and 1800° F,
the billet was upset in Ffive heats to a disc of 22-inch diameter by

3—-inches thick.

The solution treatment performed on the as—forged disc by the General
Electric Company consisted of heating for 4 hours at 2100° F followed by
water—quenching. The disc was sectioned and the various test specimens
rough machined prior to aging. At the time that tests on this Inconel X
disc were first begun, the recommended aging was & single treatment of
40 hours at l300° F. Subsequently, low ductility was observed in soms of
the tests at 1200° and 1350° F on the single—aged material, and additional
tests were made on material given a double agling treatment as follows:

1550° ¥, 24 hours, air-cooled
1300° F, 20 hours, alr—cooled
Sampling:

The code number assigned to the disc was NR—99. TFigure 1 shows the
location of the samples cut from the disc and the code system ldentifying
the coupons. The numerals refer to locations on the flat face of the
disc, and the letters refer to the locatlons through the thickness of
the disc.

EXPERIMENTAL PROCEDURE

The investigation was deslgned to provide the following Information:
(1) The physical properties at room temperature, 1200°, 1350°, and 1500° F
which can be expected in large forgings of the Inconel X analysis; (2) the
effect of aging treatments on these physical properties; (3) the variation
in properties which might be present in various locations in such large
forgings; and (4) the change in room—temperature properties resulting from
exposure to elevated temperatures under stress for prolonged time perilods.

The physical—property data obtained for this large forged disc of
Inconel X alloy included short—time tenslle propertles, impact strengths,
rupture test characteristics, and design curves of stress against time for
total deformations: of 0.1, 0.2, 0.5, and 1.0 percent at 1200 1350o and
1500o F. Creep characteristics were also obtalned at 1200 1350
1500 F. The data from which the design curves were plotted came from the
time—deformation curves of both rupture and creep tests.

The wniformity of the disc was checked by means of a hardness survey,
short—time tensile tests, and, to a limlted extent, by rupture tests on
coupons from representative locations throughout the disc.
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The testing procedures used for the short—time tension, stress—
rupture, and creep tests were in accordance with the provisions of the
A.8.T.M. Recommended Practices E21-43 and E22-41.

RESULTS

The data obtained from the Inconel X disc are presented as a series
of tables and figures whlch show the hardness, lmpact, temnsile, rupture,
time—deformation, creep, and stabllity characteristics. The principal

results are summarized in figure 2.

Hardness Survey

Results of the hardness tests on the solutlon—treated disc after
both the first and second steps in the double agling treatment are given

in figure 3.

The Brinell hardness as—solution—treated was about 150. The first
aging at 1550° F increased the hardness to about 210 and the secand aging,
to about 285. The surface hardness of the aged disc was slightly higher
than for the interior, but the hardness changed little from near the
center to the rim.

Short-Time Tensile Properties

The results of the short—time tensile tests at room temperature,
1200°, 1350°, and 1500° F are summarized in teble I.

Room—temperature tests were made an both 0.505— and 0.250—inch-—
diameter radial specimens. The 0.250—inch—diamster specimens gave slightly
lower tensile strengths than the 0.505—Inch bars, but had slightly higher
ductility. The results from both types of specimens indicated good
uniformity in the disc.

At 1200° and 1350° ¥, specimens from the center of the dlsc gave
lower strength values than did radial speclmens taken from near the rim.
They also tended to have a greater scatter of values. At 1500° F, center
and rim specimens gave comparable propertles.

The average tenslle properties of the radial rim specimens as plotted
In figure 2 are as follows:
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Temsile 0.2—percent— .
Temperature offset yleld Elongaetion
(°rF) strength strength (percent)
(psi) (psi)

(F] 154,000 97,000 20
1200 117,000 84,500 10
1350 95,500 77,000 7
1500 46,500 43,000 37

Charpy Impact Reslstance

Charpy impact resistance (V-notch) was determined on specimens taken
near the rim of the disc. Data are shown in table IT and figure 2 for
tests at room temperature, 1200°, 1350°, and 1500° F after holding at
temperature for a time perilod sufficiently long to insure a uniform
temperature in the speclmen.

The Charpy lmpact resistance Increased from about 29 foot—pounds at
room temperature to about 60 foot—pounds at 1500° F.

Rupture Test Characteristics

The stress—rupture data for the tests at 1200°, 1350°, and 1500° F
are shown in table ITI, and the rupture strengths obtained from the
curves of stress against rupture time in figure 4 are summarized at the
bottom of table ITI. °

A1l the stress—rupture tests were made on 0.250—inch—diamester radial
specimens taken from near the rim of the disc. There was no apparent
difference in test results from surface and center specimens taken from
near the rim.

The rupture strengths at 1200% F for rupbure in 100 and 1000 hours
were 81,500 and 66,500 psi, respectively. These values are very close to
those reported by the International Nickel Company for Inconel X bar stock.

At 1350° F the stresses to produce rupture in 100 and 1000 hours
were 53,500 and 37,000 psi, respectively, and at 1500° F, 23,200 and
15,000 psl, respectively. These values are somewhat below those reported
by the Nickel Company for bar stock.

Rupture test ductilities were low at 1200° ¥. The elongation for
rupture in lOOO hours was estimated to be about 3 percent. The ductility
values at 1350 F were high and held up well as the tlime to rupture
increased. At 1500° F the elongatlion decreased from 50 percent for
rupture in 4.5 hours to 6.9 percent for rupture in 604.2 hours.
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TimeDeformation Characteristics

A convenient method of describing the high—temperature strength of
a material is curves of stress against the time required for various total
deformations. Such information with the curves of stress against rupture
time (and the curves of stress against creep rate) gives design engineers
a complete picture of the expected performance of an alloy under conditions
of constant tensile stress. The time—deformation data obtained on the
Tnconel X disc are plotted on semllogarithmic coordinates in figures 5, 6,
and 7 Por total deformations of 0.1, 0.2, (0.3 at 1200° F) 0.5, and
1.0 percent at 1200°, 1350°, and 1500° F for time periods up to about
2000 hours. Additional curves showing the time of tramsition from a
minimm creep rate to the increasing rate of third-stage creep have been
added. so as to show when raplid elongetion to fallure starts.

At 1200° and 1350° ¥, and to a lesser extent at 1500° F, the curves
for the lower total deformations are controlled largely by the proportional
1imit. In figures 5, 6, and 7 where this is true the curves are dashed
to indicate that their location is somewhat varliable. It should be
emphasized that, in tests at stresses approaching or exceeding the pro—
portional 1limit of a material, wide differences in initial deformation
can be expected because of variations in the proportional limit.

The curves of stress against time for total deformatioh were plotted
from the data in table IV, which also includes the times for total defor—
mations of 2 and 5 percent. The stresses to cause various total defor—
mations in 1, 10, 100, 1000, and 2000 hours, as obtained from figures 5,

6, and 7, are given in table V. These "deformation strengths" are useful
numericel ratings of the deformation characteristics and, with the exception
of the estimated strengths for 1 hour, are plotted in summary figure 2.

The steepness of the transition—point curves 1s a danger signal.
This material should be watched closely if used at times and stresses
beyond the transition—-point curve.

Creep Strengths

Creep rate data, used by many engineers in designs for long periods
of service, have been collected from the time—deformation curves of both
the stress—rupture and creep tests. Minimum creep rates measured in the
rupture tests are included in table ITT. The detailed creep test data are
ghown in teble VI. The logarithmic curves of stress against creep rate
for the rupture and creep tests at 1200°, 1350°, and 1500° F for the
Tnconel X disc are shown in figure k.

The creep rates plotted were the minimum rates measured in both the
rupture and the creep tests. In the creep tests on this material at
1200° ¥, 1in.the stress range 45,000 to 50,000 psi, the minimm creep
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rates measured were also the final rates at the end of test periods in
the range 1500 to 2000 hours. Differing from this behavior, in the creep
tests at 1350° and 1500° F, the minimum rates of creep occurred either
at the start of the test or during the first 500 hours of the testing
period. Followlng this Initial period, Iincreasing rates were observed.

The creep strengths obtained from figure 4 were as follows, and for
convenience of comparison the 1000-hour and the extrapolated 10,000-hour
rupture strengths are shown here also:

8tress (psi) for indicated properties
Temperature | 1000-hr Estimated
(°F) rupture | 0-0001—percent/ | 10,000-hr |0.00001-percent/
strength hr creep rate rupture hr creep rate
strength
1200 66,500 61,000 54,000 49,000
1350 37,000 31,100 20,000 25,000
1500 15,000 15,800 9,700 13,900

Inconel X behaves differently from many of the other types of heat-—
resisting alloys included in this program of tests on large discs. The
following specific comments should be carefully conslidered before using
creep data for design:

(1) Inconel X is a strong material and minimum creep rates are low
at very high stresses. These minimm creep rates cannot, however, be
extrapolated with accuracy on the assumption that & rate of 0.0001 or
0.00001 percent per hour 1s equivalent to 1 percent in 10,000 and
100,000 hours.

(2) At 1200° F, very little first—stage creep was observed. At
stresses of 70,000 psl and higher, however, the tests llmediately entered
third-etage creep. The time for entrance to third-stage creep increased
at lower stresses. It 1s lmportant to note, however, that third-stage
creep was observed in as short a time psriod as 840 hours at 55,000 psi
when the creep rate was only 0.000035 percent per hour. In fact,
figure 5 indicates that third—stage creep would occur under the stress
corresponding to a minimm rate of 0.00001 percent per hour in only
2000 hours.

(3) Not only third-stage creep can be anticipated prematurely but
also premature rupture. The comparative 10,000-hour rupture strengths
glven with the previous tabulations of creep strength were well below the
creep strengths for 0.0001 percent per hour and indicate that fracture
would occur at time periods much less. than'10,000 hours under stresses
corresponding to the creep strengths.

o e e = -~ e = e o~ b T T e e & A TSI s S See—ms S e = T —
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8tability Characteristics

Some of the completed—test specimens were subJected to temnsile,
impact, and har&ness tests at room temperature after creep testing
at 1200O 1350 and 1500 F with the results shown in table VII.

After creep testing at 1200° ¥ for 1804 hours, the strength and
ductility values measured at room temperature were slightly increased as
compared with the values for the material in the original heat—treated
condlition.

Creep testing for slightly over 2000 hours at 1350o and 1500o F
produced a considerable reduction in yield and tensile strengths, with
the greatest change at the higher test temperature. Ductility values
were somewhat higher after creeg testing at 1350 F and practically
wnchanged after testing at 1500 . Differing from some other types of
alloys, Inconel X consistently maintained a good level of room—temperature
tensile ductility and Izod impact strength after long—time creep
testing.

Photomicrographs of the Inconel X alloy in the solution—treated and
in the solution—treated and aged conditions are shown in figure 8. The
very fine precipitate in the aged material is clearly evident.

Figure 9 shows photomicrographs of the structures of creep speclmens
tested at 1200° and 1350 F. The structures show no significant difference
from the as—heat—treated alloy even though tenslle properties are some—
what reduced after testing at 1350 F.

The photomicrographs shown In figure 10 for two rupture and creep
test specimens tested for 604 and 2160 hours at 1500 F, respectively,
definitely indicate a marked change in structure as a result of long—
time exposure at this temperature. Appreciable agglomeration of the pre—
cipitated phase has occurred and there is a significant difference 1n
structure and degree of agglomeration between the specimens tested for
604 and 2160 hours at 1500° ¥. This difference in structure accounts for
the decrease in room—temperature strength as a result of testing at
1500° F. Because of this lack of structural stability at 1500° ¥, the
use of this alloy at 1500o F should preferebly be restricted to service
periods over which test data are avallable and for which the data have
shown the deformation at the design loads not to be excessive.

Comparison of Propertles of Inconel X with
Single and Double Agling Treatments
The first tests on material cut from this Inconel X disc were made
on material given a single aging treatment of 40 hours at 1300° ¥, and
this aging treatment was thought to be best. Later, both experimental

work by the International Nickel Company and the results of rupture tests
at 1200° and 1350 F in the present test program indicated that low
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ductility and low rupture strengths resulted from the use of this single
aging treatment. Upon recommendation of the International Nickel Company,
a double aging treatment of 24 hours at 1550° F followed by 20 hours

at 1300° F was adopted, and most of the tests herein reported were made on
the alloy given this double aging treatment. It was thought of interest,
however, to indicate some of the results obtained using the single aging
treatment for comparison with the data obtained with the double aging
treatment.

The datae obtalned have been summarized and the strengths for Inconel X
with both aging treatments are compared in table VITI, It is indicated
that Inconel X shows superior rupture strengths and better ductility
at 1200° and 1350° F in the double—aged condition. However, at 1500° F the
rupture strength of the singleé—aged material is slightly higher.

Creep strengths for 0,0001 and 0,00001 percent per hour are higher
at 1200° and 13500 F for the single—aged material, but the double—aged .
material shows the better creep strength at 1500° F,

The trend is for superior 100- and 1000-hour deformation strengths
at 1200° and 1350o F for double—eged material. At 1500o F, the single—
aged material shows the better 100-hour deformation strengths, while for
the longer tims or 1000-hour strengths up to l—percent total deformation
the double—eaged material maintains a slight superiority. These results
together with the better ductility indicate that the double aging treat—
ment is the better of the two treatments.

CONCLUDING REMARKS

The Inconel X disc material developed high tensile and yield strengths
when progerly solution—treated and aged. Rupture strengths at 1200°
and 1350° F were also high. Strengths for total-deformation values in the
range of 0.2 to 0.4 percent at 1200° F are largely controlled by minor
varlations in proportional limit. In tests at all three temperatures
of 1200°, 1350°, and 1500° F, the transition to third—stage creep occurred
at relatively low deformations and early in the test periocd. However,
Tnconel X is such a strong alloy at 1200° and 1350° F that appreciable
stresses can be pustained with very low deformations.

Compared with material cut from discs of low—carbon N—155, 5-590,
and S-816 alloys and tested in various conditions of forging and heat treat—
ment, Inconel X shows generally superior properties. at 1200° and 1350° F for
time periods up to 1000 hours, which 1s the extent of the test period for
which detailed comparisons can be made. The early transition to third—
stage creep for Inconel X suggests extreme caution in extrapolation to
longer periods than those for which actual test data are availsble.
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At 1500° ¥, Inconel X is about, equal to or better than any of the
other three alloys mentioned for deformations of up to 0.5 percent and
time periods up to 1000 hours. Better strengths at 1500° F than those
of Inconel X are shown by solution—treated and aged alloy S-816 for a
total deformation of 1 percent or more. The observed structural lnsta—
bility of Inceonel X at 1500° F and the early transition to third-stage
creep are warnings agalnst use of the test data for extrapolation beyond
the actual test period.

The high ductility of Inconel X after exposure at high temperature
under stress 1s an unusual and probably desirable characteristic of this

material.

Compared with the propertles of bar’ stock of Inconel X glven the
double aging treatment, the disc material shows slightly lower short—
time tensile propertles at room temperature and at 1500- F, and slightly

_lower rupture and creep strengths at 1350° and 1500° F.

Battelle Memorial Institute
Columbus, Ohio

and

University of Michigan
Amn Arbor, Mich.,
June 22, 1948
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TABLE I.— SHORT-TTME TENSILE PROPERTIES OF IHCGNEL X DISC

WACA TN No. 1770

Offsot yleld stremgth
Specimen [Speolmen|, ture|TeR811e  [Proportianal (psi) Elengation|RBeduotion|Rookwell| Moduius of
mmber  |locatiom “”fg;‘)‘ strd'n?t.h 1imit in24n, | af area | B elagtioity
(a) (v) (psi (pst) (percent) |(percent)fhardnesal (pat)
0.1 percent{0.2 percent
% Y o9 oéa| smm ™ 152,800]  ameoee —- a————— 25.0 2h.k 206 | coemeeme
o 6| s T3 152,000 27.0 £5.9 206 | memcamaa
¢ dosg| e o] 150,200 27.0 21.3 106 | meccannm
cdosp| omm 7] 151,200 27.0 23.9 VR
°33x| &mR 75 155,800 75,000 55,500 97,800 19.0 17.0 — 30 x 106
©33Z| EKR T 152,600 75,000 9,800 97,400 7.5 15.6 -—— 30
°337| cRR ki 155,600 T2,000 93,000 95,900 21.0 19.2 —- 32
°18Y| CRR ™ 153,%00 78,000 9k koo 97,400 23.2 18.4 — 32
°30x{ SRR 1200 118,500( 54,000 9,600 83,600 9.7 1k - 28
®39z| &K 1200 119,500 61,000 83,000 86,500 9.2 10.0 - 25
°397| CcmR 1200 116,000 ~m—awee 81,800 84,900 9.2 11.1 —— 29
Shor| cER 1200 11k,100| 60,000 80,900 84,500 8.0 11.9 —— 29
®112] eRR 1200 117,750] 55,000 79,000 ——— 8.5 13.0 —— 26
e3LY| CRR 1200 113,000 52,000 79,500 82,500 12.5 14.8 . 26
x| sc 1200 102,100f 60,000 73,800 76,400 1.5 15.2 104 22
o6z sC 1200 99,000 55,000 7,400 73,300 1.7 18.% 104 22
ety | cc 1200 112,800 37,400 69,000 73,100 1hk.3 15.6 103 25
%8y { cc 1200 93,000| 16,400 73,050 5,800 8.0 15.2 103 28
Chox| 13%0 86,200 k3,000 T,900 5,400 7.0 7.3 —- 23
°40z{ SRR 1350 85,800| k7,000 73,900 76,600 6.1 10.0 —— 26
%11X} SRR 1350 106,000 &7,500 76,000 78,300 Te5 11.6 _— 2k
°35Y| CRR 1350 100,000 52,500 75,000 1,500 6.3 10.3 - 23
°x| sc 1350 76,600 36,000 66,800 68,800 3.0 8.1 — e
¢z | sc 1350 81,000| 47,000 68,500 70,600 k.0 13.0 —— 27
°mx{ smr 1500 k6,700 22,000 38,000 k0,200 37.5 38.5 o 20
®z] emm 1500 46,600 32,000 39,400 k0,500 39.5 4.6 -— 17
°gx | sc 1500 51,2000 29,000 k4 200 45,900 22.3 26.1 —— ———
cgz | so 1500 §6,k00{ 23,200 36,000 39,500 k3.5 35,5 — 23

SHeat treatment:

surface—plane redial specimsn near rim of disc.
CER center-plans redial specimen nesr rim of disc.
8C surfete plans near center of diec.
CC ocenter plans near center of disc.

ONavy data.

46.250—1n.~d1emster specimen; all others 0.505-In.-dismeter specimans.

data.

2100° F 4 hr vater—quenched; 1550° F 24 hry end 1300° F 20 hr,
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TA:BIIE :EI-"-

CHARFY NOTCHED-BAR IMPACT RESISTANCE

AT ROOM TEMPERATURE, 1200°, 1350°,

AND 1500° F FOR INCONEL X DISC

[Navy data:

¢

0.394—in.—square specimens with
a 0.079—in.—deep V-notch ]

Specimen Specimen Test Charpy impact
numbher locatl ‘tempgrature strength
(1) | tocetion | R (£-15)
NR-99-9YD| Imterior 75 29
9YE | Interior 75 28
OYF | Interior 5 32
17K | Interior 75 33
1Z2C| Surface 75 22
NR—99-172G | Interilor 1200 38
., 1ZH| Imnterior 1200 37
1ZA | Surface 1200 37
1ZB | Surface 1200 39
TR-99~1Z2T | Interior 1350 L5
1ZJ | Interior 1350 hr
172D | Surface 1350 43
1ZE | Surface 1350 hh
NR-99—-1ZL | Imterior 1500 59
GYA | Interior 1500 54
GYB | Interior 1500 60
9YC | Interior 1500 65
1ZF | Surface 1500 6e

lHeat trgatment: 2100° F h hr water-—quenched;
1550° F 24 hr; and 1300° F 20 hr.

13



TABLE TTT,— RUPTURE TEST DATA AT 12007, 1350°, AND 1500° F FCR INCONEL X DISO

HT

Specimen Specimen Test étroan Ropture Elongation Reduction Minimm
mumber location tengarature (pei) time in 1 in. of area creop rate
(a) (b) (°F) (mr) (peroent) (percent) (percent /i)
ONR-99—27A BRR 1200 90,000 36 g BT | eeemee-
%a7C ORR 80,000 136 1 0,0085
CoBA HRR 70,000 h18 4 E.o .0020
Sap CRR 65,000 1825 L 0 .00018
C28p (RR 60,000 2672 2 3.3 . 00007
“mR-99-28¢C CRR 1350 Eg,ooo 86 17 20,5 |  eeceees
OETE SRR ,m 11‘3 19 2608 LA L L
o8B CRR k5,000 389 16 1B.3 L0060
Co8n SRR 10,000 751 21 24,0 .02
®nz-e SRR 35,000 by 12 12.5 .00028
dxm—ggﬁlm SRR 1500 30,000 k.5 50,0 5k,.3 ——p———
6B CER 25,000 73.6 32.1 3.7 %10
&ouB ORR 20,000 gg.s 18.5 8.1 ,008
&osp ERR 16,500 .2 6.9 k.6 .00045
Rupturs strength ‘
T ture Btress (psl) for ruapture in —
f%) 10 hr 100 hr 1000 hr 2000 hr
1200 ] meeee- 81,500 66,500 63,000
1350 ——————— g4’ Ean 27 nnn an san
1 L2 L digvv JW g
500 28,400 + 23,200 15,000 O
Bfeat treatment: 2100° F & hr water—quemoched; 1550° ¥ 2k Inr; amd 1300° ¥ 20 hr. , W
DORR oemter—plane radisl specimen neer rim of diso. y

SRR gurface—plans radial specimsn near rim of dise.
ANavy data.
SEstimated,
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TAELE IV.—

DAFA FOR BTRESS AND TIME FOR TOTAL DERURMATION AT 1200°, 1350°,m1500°rmmcomxma:

L - ——— e L

Specinen N P Twe (hr) for total defarmaticns of — mﬂm;:@
nomber -(%7) (psl) deformetion

(=) (perrcemt) 0.1 parcent [0.2 percent 0.3 psrcent[0.5 percent|l parcent|2 parseut|5 percsnt !&:3 D?fomttc)n

bItat-ter—J.ox 1200 Ls,000]  0.179 —--- %3800 ——— . ——ne —— ——— e
b108 L7,000{  .187 - Ggs0 | ---- - el BEEEE pm el B
11y £0,000 .200 S ———- ---- -—-- - ---- --- -——--
Proy 53,000| 220 N 1085 —e | 860 0.287
ot 60,000{  .2he e 250 1oy 250 | - e | bm0 3
P27 85,000]  .267 T B 170 885 1m0 - |23 .2
o 70,000|  .300 e B - 99 265 ---- ---- (7 Lo
Bo70 80,000 M0 | mmem- | —eee- - T T2 - . N —
Bo7a 90,000| =---- e ——-- ———- “——— —— -—— —_— -

SFR-99-9X 1350 29,000 113 ---- 1500 1915 - ———- e ——— 500 J16
9107 30,000 153 ———- 505 1570 1000 1240 150 1720 325 .168
Pz 33,000 156 =" 16 33 473 635 90 —ewe 1190 215
boax so,000( .16 8 80 ire £66 3% w5 | 100 .3
Bogp 5,000 .18 R -—-- T 128 bl 247 - -
Porz 59,000\  .182 Ml et ---- ® 50 68 I R R
Bagg 55,000 227 T B PR e 10 23 kv 50 T

*NR-59-9Z 2500 10,000 050 wms e ——-- ---- ---- - —m-- 615 050
®1e1 12,000 <062 ™ 1700 ---- ---- -==- e ---- koo 070
Sgs4 16,500 104 m—— 125 ---- 349 Lho 510 =9 170 22
Sa4p 20,000 119 —— 12 -— 50 8o 86 104 ¥is} .68
268 29,000 168 e “—-- 3 7 26 29 25 3.0
éoh 30,000 258 N T ———— —- — — _—_ e | e

data.

SHeat troatment: 2100° B L hr waber—gnenched;
braaa

°Entimt-ad. by extrapolatiom of time-deformetion owrve from 1800 hr.
Sxgtimatod by extrapolation of timo—leformetion curve from 1671-ur,

“Navy data.

1550° ¥ £h hr; end 1300° F 20 hr.
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TABLE V,— TIME-DEFCRMATION AND CREEP STRENGTHS AT 12000,

1350°, and 1500° F FOR INCOKEL X DISC™

Creep strength

Total Btress (psi) to cause totel (besed on minimm creep rates)
T I( OF:;.ture deformation deformation in — (psi)
(percent) | 3y | 10 be | 100 br | 1000 hr | 2000 b 0.00010 0.00001
vercent, prercent /br
1200 0.2 | 950,000 | 4,000 | °48,300 | °47,200 | °46,000 61,000 49,000
.3 470,000 68,300 | 63,300 | 55,000 | cecen-- ,
.5 87,300 78 700 | 70,000 | 61,200 58,600
1.0 |=memmeee | aeemea 77,700 | €4,500| 60,500
Transition 67,500 | 53,500 | -~-2---
b dy350 .2 °u4,000 | 39,800 | 35,300 | 27,000 | -=-o--- 31,100 25,000
-2 ETEREES 55,300 | 42,700 | 30,000 | =mmeen-
1.0 o 50,000 us 700 | 31,200 | memeen-
Trensition | °45,000 | “43,100 | 40,000 | -cmicac | amaeans
%9500 P 14,500 |©13,100 | 11,100 [~==anu- 15,800 13,900
2 24,500 | 20,600 | 16,700 12 900 11,700
.5 Co77000 | 22,800 | 18,700 | S14.500 | -=nun
1.0 ®29,000 | 24,200 | 19,500 1h 800 | mmemmem
) Trengition|«====== [=«c-ca- 18,700 8 000 | ===~-=~ -
fHeat treatment: 2100° F 4 hr weter—quenched; 1550° ¥ 2k hr; and 1300° F 20 hr.,
Tuaca aste. g e 23 A

Chgtimated.,

d'ITa.vy date.

9T
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TABLE VI.— CREEP TRST DATA AT 1200°, 1350°, AND 1500° F FOR INCONEL X DISC

Creep rate (percent/ir) at — |Totel deformation (percemt) at—
Bpe0tam0 | regrature| Btxone| urettcn)  TiS1EL -
(=74 (\IFJ (Pai) (m.) ua.l.m-u"ﬁua.m - S T
() (percent) 500 hr 1000 hr | 1500 hr | 2000 hr | 500 hr 1000 hr|1500 hr| 2000 hr’

PHR-09-10X| 1200 (45,000 180% | 0.179  |0,000010{0.000008|0,000004 ==~-=-== 0,182 | 0.187 [ 0.200 | «--nv

Doz k7,000] 16TL .87 .000011| .000010| ,0000L0]=wmwuxa- .188 190 LA9T | ~mmeam

_1;113 50,000 1537 200 .000017| .000018{ ,000016|-mm=mnm 213 223 | ,231 | —a-a-

10Y 55,000| 1655 220 000035 .000055| 000095 |~w=ncn= 213 | 295 | .330 | eeem-

°AR-99-5X 1350 25,000 2095 113 .000010| ,00009 | .o002% |0.00028 | .115 | .135 | .188 | 0.205

€07, 30,000| 42193 153 ®,00022 | .0012 | ,0090 |s--m=a- 198 | 505 | 2,16 | ee-a-

CNR-59-07, 1500 10,000| 2160 .050 Nil .000050| .000085| .0000hd ,0kB 070 .099 .130

Ciox 12,000 o152 .062 £ ,000068| ,000068| .000100| ,000135 .078 | .117 | .180 | .23%

8Heat treatmsnt:

DRACA data,
ONavy data,

dRuptured, 21.9-percent elongatlon, 20.9—percent reduction of arsa,
oreep rate 0.00005 percemt/mr up to 325 hr.
“Minimm creep rate nll up to 400 I,

2100° F 4 hr water—quenched; 1550° F 24 brj and 1300° ¥ 20 hr,
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TABLE VII.—~ BFFECT (F CHEEP TESTIHG ON ROOM-TEMFERATURE

PHYSICAL FROFERTIES (F INCONEL X DISC

20rigiral comdition, Radial apecimen near rim of disc,

Prior testing 14tions Resldual rocm—temperature propertiss
Specizen
m.(u]:i]\;er Mloon et T = Offaot F%;}?.)mength Proportional |Elongation|Reduotion |Ised impact|.. . .
Te tore| Strosa|Time ;_E:uuo ko limit in 2 in, | of erea | strength |/ ~7°°°
T | (oot () | eentl02 poroeny  (291) | (pervoomt)| (peromt) | (ro-tn) |Baniness
NR-99-33%[ - (R) ’2‘; ‘e; 155,400 | 95,400 | 97,800 75,000 19.0 17.0 T 306
332 (2 2 2) |15e,600 91,800 97,400 75,000 17.5 15.6 ---
33Y EE 2) 2; 155,600 93,000 95,500 72,000 el.o 19.2 ===
18Y 2 (2) 2) 153,400 .| 94,400 97,400 78,000 23,2 8.k ===
NR-99-11Y| 1200 0,000|1537 |=77===~ | ======= | —womeme o} =mooos === m=-- -- 323
10X 1200 5,000[180Lk 1160,000 | 102,000 | 105,000 80,000 4.5 15.8 ---
NR-959-9X 1350 25,000(2095 140,000 | 75,k00 77,800 [ =m--- 34,0 30.2 - ---
{NR-99-97 1500 10,000(2160 [======= [ ==<==== | =en=ss | semess === === 67 ez
12X| 1500 12,000 (2152 |125,500 56,500 57,800 | ~=---- 22,0 20.2 -
lHsat treatment: 2100° F 4 hr water—quenched; 1550° F 24 br; ard 1300° F 20 hr. I~

8T
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TARTE VIIT.— COMPARISON OF FROFERTIES OF SIRGLE- AND DOUBLE-AGED INCONEL X DISC MATERTAL

Tegt temperature, °F Roam tempereture 1200 1350 1500
8ingle Double Single Double 8ingle Double | BSingles | Double
Oondition aged aged aged egsd aged a aged aged
(a) (b) () (b) (a) (b) (a) (v)
Short—time properties:
Tensile strength, pei ‘145,000 | 154,000 | eemecec--a - mmm———— cmmcca | cacemr | wemeas-
Elongation, percent 20 20 memmmeimee | adcmare | cemcman | ccna wr | emmma e | cececma
Reduotion of area, percent 19 18 | eemmcaves FR S I TGN IR S
Rupture strengtha, pai:
1004z ptl Bt oo | & 86,000 | 53,500 | 25,500 | 23,200
57,000 2300 ’ 23,3 ’ ’
10001 rrmrtmae | cwesae - 35:&9’8 to 66,% 3_6,(”0 39,0& lG,OCD 15,00’0
Croep strengths, pei:
0.000), percent /hr el e 46,000 61,000 | ©30,000 31,100 | 11,200 13,800
0,00001 percent/br | ==mmmn memm——— 39,000 4g,000 c—eumn- 25,000 7,600 13,900
100-hr deformation strengths, pai: ' ¢
0.1-percent deformation mmmmeme | emmemme eaeeeeen | - me—n- meemmnn | cmeea 14,200 13,100
0,5percent defcrmation cmwdone | cewmme= Ca5, 000 18,300 e 33,300 19,600 16,700
0.5-percsmt dsformation | =-=-- e | mmmeme- =8,000 70,000 40,000 ka,700 | 21,300 18,700
1.0-peroent deformation et Bttt B T7,700 43,500 hs5,700 | 22,200 19,500
Transition momemme | meeee - 59,000 280 | ®45,000 40,000 | 19,500 18,700
1000-hr deformation strengths, pal:
0.l-percent deformation @ = | ====n= = | emaeee- e e L L gommnmm | wwmmmeme | emmeee 10,000 11,100
0.2-parcent deformation @ | ====mm - ] emane e | =emun n——— h7,200 m——ae 27,000 12,200 12,900
0.5-percent deformation | ------ - | - ve | mmemeeaeee 61,200 37,000 30,000 | 13,900 | C1k,500
1.0-percent dsformation e I BT B 64,500 | =m=mnea 31,200 | 1h,500 | °14,800
Transition e 31,000 58,100 34,000 crm———— ,800 8,000

85100° F 4 I water—quenched; 1300° F L0 hr,
b2100° ¥ & hr water—quenched; 1550° ¥ 24 hr; snd 1300° ¥ 20 hr,

CEgtimated.
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NACA TN No. 1770

SHORT-TIME PHYSICAL PROPERTIES
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Figure 2.- Summary of properties of the Inconel X disc.




EQUIVALENT BRINELL HARDNESS

| [ |
B2 Hof—— AGED 1850°F 24 HR, THEN 1300°F 20 HR
B
[IT]
2
240 & 100
-t
o s
|
e )
188 3 80 I . 5_c/’\v) -
%
p"
[
]
) @
e Oy SOLUTION-TREATED 2100° F 4 HR, P~
WATER-QUENCHED A4
121 70 l
E) 4 5 & 7 8 ) 10 T

IN. FROM CENTER OF DISC ON GOUPON NR-939-Z| W
® SURFACE EXPOSED TO FORGING

© SURFACE NEXT TO Y- OR CENTER PLANE

Figure 8,- Variation in hardness from center to rim of Inconsel X disc,
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1200°F

o———
e 360°F

P8I

- 40,000 -
30,000 o— 1500 *F

STRESS

20,000

10000 [ ) ] 2

]
12,000

T T
® RUPTURE DATA
O CREEP DATA —

OREEP RATE, PEROENT/HR

0l

Figure 4,- Curves of stress against rupture time and creep rate at 1200°, 1850°, and 1600° F for

Incone) X disc.

OLLT *ON NI YOVH

te



Cm— e

———————

0,000 T | ]
® RUPTURE DATA
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2 T~ \% Y
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| 3 1 A agteme e
L1 e
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| 10 100 1000 K000
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Figure 5.- Curves of stress against time for total deformation at 1200° F for Inconel X disc.
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Figure 8,- Curves of stress against time for total deformation at 1350° F for Inconel X dise,
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Figure 7.~ Curves of stress against time for total deformation at 1500° F for Inconel X disc.
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1000%

1000x
('b) Solution-treated and then aged 24 howrs at 1550o F and 20 hours

heated at 2100° F k hours and weter-quenched.

at 1300° F.

100X

(2) Solution—treated

NACA TN No. 1770

J,

. . . ; Y el . .
s g ~ . -
. PN N S H RO ‘\ s / \HY - -
. . \\. P ~ . . -
N . . -

Aqua regila in

Figure 8.~ Original microstructure of Inconel X disc.

glycerine etch.







NACA TN No. 1770

Fracture —~ 100X

Interior — 1000X
(b) Specimen 28E; 751 howrs for rupture at 1350° F under 40,000 psi.

Figure 9.— Microstructures of tested gpecimens from Inconel X disc.

Agua regia in glycerine etch.
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Figure 10.— Microstructures of tested specimens fram Tncomel X disc

Aqua regis in glycerine etch.




